Every individual has a unique body odor (BO), similar to a fingerprint. In forensic research, identification of culprit BOs has been performed by trained dogs, but not by humans. We introduce the concept of nosewitness identification and present the first experimental results on BO memory in witness situations involving violent crimes. Two experiments indicated that BO associated with male characters in authentic videos could later be identified in BO lineup tests well above chance. Moreover, culprit BO in emotional crime videos could be identified considerably better than the BO of a male person in neutral videos. This indicates that nosewitness identification benefits from emotional encoding. Altogether, the study testifies to the virtue of body odor as a cue to identify individuals observed under negative emotion.
Introduction
No two individuals smell alike. Determinants of body odor are diet [1] , age [2] , hormonal status [3] , parasite load [4] , and foremost and pertinent to this study, genetic factors. The major histocompatibility complex (MHC) is a gene cluster that constitutes the main factor in determining immunological individuality. It also contributes to an "odor print" that is unique to each individual [5, 6] . Accordingly, humans have the ability to match body odors of monozygotic twins, even when they are living apart (i.e., exposed to different environments), which reinforces the role of odors in communicating individuality and genetic information [7] . Moreover, trained dogs can distinguish between any two individuals (possibly including monozygotic twins [8] ) and have been used in forensic settings to match a scent left at the crime scene by a possible suspect [9] [10] [11] .
In forensic psychology, it is common to ask witnesses to identify the culprit of a crime in a lineup of foils. The vast majority of studies on witness testimony deal with eyewitness accounts (e.g., [12] ) and a few with earwitness testimony (e.g., [13] ). To our knowledge, the possibility of identifying individuals in a forensic setting by way of odor, henceforth referred to as nosewitness identification, has been completely overlooked. A central and debated problem of eyewitness studies concerns the effect of the emotions experienced while witnessing a crime. Although it seems evolutionarily relevant that highly arousing events (e.g., witnessing a crime) would augment our recollection of relevant details [14] , studies on eyewitness identification typically show a decline in performance for actual recognition of the culprit [15, 16] . However, few if any studies have looked at recognition memory for odors encoded during negative emotions.
With this background, we set out in Experiment 1 to define and test an experimental model of nosewitness identification in order to investigate human olfactory memory for body odor in a forensic setting, including emotion-evoking crimes. A second experiment expanded on this issue by testing the memory effect of negative emotion in the nosewitness situation using a conventional lineup identification test.
Experiment 1
In Experiment 1, we probed olfactory identification in a target-present, forced-choice, lineup memory test for nosewitness and neutral conditions. In the nosewitness condition, an authentic video of a violent crime was presented along with a body odor. Written instructions aimed to get the participant in the mindset of a witness to make the experimental model of the nosewitness situation more realistic. In the neutral condition, an emotionally neutral video was presented along with a body odor and neutral instructions were used. In both conditions, the cover story stated that the body odor was coming from the male character (culprit). In a later lineup test, participants got to decide which body odor of five was the culprit's. The aim was to assess whether nosewitness identification would perform better than the neutral condition and thus be a possible identification method.
Materials and Methods
Both experiments were approved by the Ethics Committee of the University of Aveiro, Portugal. Moreover, the guidelines of the Declaration of Helsinki and the standards of the American Psychological Association were followed.
Body odor samples. Body odor (BO) samples were collected from the armpits of 20 healthy male students, aged between 18 and 39 years (M = 24.70, SD = 6.15), while they worked on a non-stressful assignment over a period of 2h30minutes. The donors refrained from using products and performing activities that would alter their natural BO before and during the sampling. These exogenous BO components may be a part of the body odor in real life and their influence should be systematically investigated in the future. The BO samples were frozen and thawed before testing the same number of times in each condition (see S1 File).
Participants. Eighty students (20 men and 20 women in each condition) from the University of Aveiro, Portugal, aged between 18 and 49 years (M = 23.19; SD = 5.68), volunteered to participate. The lack of available tools providing representative scores for olfactory identification skills in the Portuguese population prevented us from providing standardized olfactory identification scores. However, in order to identify variables possibly confounding olfactory identification performance, participants were asked to indicate any olfactory problems or other conditions that may have influenced their olfactory identification abilities (e.g., nasal obstruction). Moreover, the participants did not suffer from any mental, neurological, or metabolic diseases, and were medication free. They were asked to refrain from eating (e.g., gum), drinking coffee, or using any products that could interfere with their ability to smell one hour before testing. Participants and donors signed a written informed consent form and were rewarded with either course credits or 5 euros.
Design and procedure. Participants were randomly assigned to one of the two conditions (nosewitness and neutral) in which they viewed a one-minute audio-visual presentation (video clip) of an event involving a man (culprit) and a woman. Instructions (see S1 File) were displayed on the screen for 30 seconds A body odor was presented continuously during the video clip in wide-mouth glass jars, which the participants held under their noses with their dominant hands. Participants were instructed to breathe through their noses.
In a 15-minute period between the video clip (witness session) and lineup test, participants rated the video in terms of vividness, pleasantness and arousal (see S1 File), and completed a questionnaire assessing trait anxiety (STAI-T, [17] ).
In the lineup test, participants were instructed to identify the odor of the culprit whose BO they smelled during the video presentation. Participants chose from a lineup of five BO samples-the culprit BO and four foil BOs. This five-alternative, forced-choice, target-present procedure was chosen in order to obtain a high power and bias-free measure of the identification performance. BO samples were presented in wide-mouth glass jars, from left to right, with no time restriction to smell the BO, but without the chance to resample previous BOs. The position of the BOs in the lineup was counterbalanced so that it was presented in each of the five positions the same number of times, and either as culprit or foils (see S1 File). To balance constraints of odor adaptation and working memory capacity [18] , an interstimulus-interval of 6 seconds was chosen. After the identification response, participants were asked to rate their confidence in their decision on a scale from 0 to 100%. Participants were also asked to rate each BO sample's perceived intensity (1-9), pleasantness (1-9), and familiarity (1-9) (for results, see S1 File, Experiment 1). Finally, participants were thanked and informed about the nature of the experiment.
Both before and after the task, participants rated their perceived stress using a Visual Analogue Scale (VAS) and their state anxiety levels (STAI-S [17] ). The purpose was to monitor whether participants were in distress when they left the lab (they were not), as well as to assess whether any of these measures were correlated with performance (see S1 File).
Results and Discussion
Nosewitness experience. Independent samples t-tests of ratings were run in order to assess whether the crime and neutral videos were indeed perceived as different. The results confirmed that crime videos were rated as significantly more arousing (t(78) = -7.56, p < .0001, d = -1.71), more vivid (t(78) = -3.32, p < .01, d = -0.75), and more unpleasant (t(78) = 10.41, p < .0001, d = 2.36) than the neutral videos (Fig. 1) . Figure 1 . Means (SE) of subjective ratings of the videos in the neutral and nosewitness conditions on a 9-point rating scale in Experiment 1. Note that the pleasantness scale is bipolar with 5 as neutral and with higher and lower extremes reflecting high pleasantness and high unpleasantness, respectively. ** p < .01, *** p <.001. Lineup test identification. Binomial probabilities for the number of correct responses were calculated (Fig. 2) . Performance for the neutral condition (18 correct responses = 45%, binomial probability, p< .001) and the nosewitness condition (27 correct responses = 68%, binomial probability, p< .001) was above chance level (8 correct responses = 20%). Chi-square tests based on counts of participants (being correct or not) were used to analyze the differences in correctness of culprit identification between the conditions. Participants in the nosewitness condition were significantly better compared to participants in the neutral video condition (68% vs. 45%, respectively; χ 2 (1) = 4.11; p < .05; Cramér's f =.23).
Overall, the results indicate that participants could identify the body odor associated with a culprit well above chance. This was particularly evident under nosewitness conditions (see S1 File, for analyses of sex differences).
Confidence of identification. The results also showed that accuracy of culprit identification was not reliably correlated with participants' confidence in their identification for the nosewitness condition (r pb (38) = -.03, p = .85) and the neutral witness condition (r pb (38) = .13, p = .44). Therefore, and in line with the eyewitness identification literature (e.g., [19] ), confidence was not a good predictor of accuracy in BO identification performance. Although there is some face validity in the notion that confident witnesses should be more accurate, moderate correlations have questioned this, as well as the value of confidence in the assessment of eyewitness accuracy (e.g., [20] ).
Experiment 2
The higher emotional ratings of the crime videos and the higher identification accuracy in the nosewitness condition in Experiment 1 suggest that negative emotion during encoding of body odors may be what has boosted recognition. As noted above, this would be in opposition to what is typically found in the literature for eyewitness identification, namely an impaired recognition of the culprit [15, 16] .
The instructions of Experiment 1, which aimed to involve the participants in the nosewitness condition in the mindset of a witness (see S1 File), may have led them to encode the body odor more intentionally, thus leading to a higher performance. Experiment 2 targeted the hypothesis that emotion would boost nosewitness performance by only varying the video type between conditions and having identical instructions for the crime and neutral videos. In the current experiment, we also used a conventional witness identification design involving culprit-present and culprit-absent lineups and a double-blind procedure to accurately assess both performance levels and decision bias (for a review, see [21] ). 
Materials and Methods
Body odor samples. BO samples were collected from the armpits of 20 healthy male students, aged between 18 and 24 years (M = 20.40, SD = 1.85), following the same procedure as in Experiment 1, but over a longer sampling period of 4h (see S1 File). The donors refrained from using products and performing activities that would alter their natural BO before and during the sampling. The BO samples were frozen and thawed before testing (see S1 File).
To ensure that nosewitness performance was not hampered by too-weak BOs or driven by too extreme BOs, samples were carefully selected according to six rating scales in a pilot experiment (see S1 File).
Participants. Eighty students (41 women, 39 men) from the University of Aveiro, Portugal, aged between 17 and 38 years (M = 21.96; SD = 4.64), volunteered to participate.
The participants did not suffer from any mental, neurological, metabolic, or respiratory diseases, and were medication free. They were asked to refrain from eating (e.g., gum), drinking coffee, or using any products that could interfere with their ability to smell one hour before testing. Participants and donors signed a written informed consent form and were rewarded with either course credits or 5 euros.
Design and procedure. The participants were randomized into the nosewitness and neutral conditions (40 in each) and target-present (20 men and 20 women) and target-absent (19 men and 21 women) lineups. The material (videos and scales), inclusion criteria, behavioral restrictions, and rewards were the same as those used in Experiment 1.
Participants rated the videos using a 100 mm VAS for vividness, emotional arousal, and pleasantness, from not at all to very much. The instructions were displayed on the screen for 15 seconds.
In the lineup, we used target-present (TP) trials consisting of one culprit BO and four foils (position for culprit BO was balanced) and target-absent (TA) trials consisting of five foils. Unbiased instructions were given to the participants, who were told that the culprit might or might not be present in the lineup ( [22] ; see S1 File). The lineup administrator was blind to the presence/absence and position of the culprit BO (e.g., [23] ). In both nosewitness and neutral conditions, 20 individuals were presented with target-present lineups and 20 with target-absent lineups. After reporting whether a culprit was present or absent in the lineup, participants rated their level of confidence.
BO samples were presented in wide-mouth glass jars from left to right, with no time restriction to smell the BO, but without the chance to resample previous BOs. Although the procedure was similar to that of Experiment 1, i.e., the position of the BOs was counterbalanced so that they were presented in each of the five positions in the lineup the same number of times, in this experiment BOs were not used as either targets or foils, since two of the conditions involved target-absent trials (nosewitness target-absent; neutral target-absent). Moreover, in the target-absent conditions of Experiment 2, six BOs were needed, instead of five as in Experiment 1 (one BO during encoding, and five different BOs in the lineup) (see S1 File). After the identification response, participants were asked to rate their confidence in their decision on a scale from 0 to 100%. Finally, participants were thanked and informed about the real nature of the experiment.
Both before and after the task, participants rated their perceived stress using a Visual Analogue Scale (VAS) and their state anxiety levels (STAI-S, [17] ). The purpose was to monitor whether participants were in distress when they left the lab (they were not), as well as to assess whether any of these measures were correlated with performance (see S1 File).
Results and Discussion
Nosewitness experience. Independent samples t-tests of ratings were run in order to assess whether the crime and neutral videos were indeed perceived as different. As in Experiment 1, the results confirmed that crime videos were rated as significantly more arousing (t (78) = -5.38, p < .0001, d = -1.22), more vivid (t (78) = -1.96, p = .05, d = -0.44), and more unpleasant (t (78) = 11.71, p < .0001, d = 2.65) than the neutral videos (see Fig. 3 ).
Lineup identification. Separate analyses were performed for TP and TA lineups. Responses for TP were coded as either Hit (correct identification), False-Positive (identification of nonculprit BO), or Miss (failure to identify the culprit). For TA, responses were coded as Correct Rejection (correct rejection of all in the lineup) and False-Positive (incorrect identification of a culprit).
For the TP trials, a chi-square was run to test the difference in lineup identification performance between the nosewitness and neutral conditions, with the results yielding a statistically significant difference (χ 2 (2) = 6.51; p = .04, Cramér's f = .40).
As shown in Fig. 4 , participants in the nosewitness condition showed higher accuracy in identifying the culprit BO (hits, 75%) compared to the neutral condition (35%). Moreover, participants in the nosewitness condition were less likely to identify an innocent foil (false positive, 20%) compared to participants in the neutral condition (55%). Finally, participants in the nosewitness condition were also less likely to claim that culprit BO was not present in the lineup compared with participants in the neutral condition (miss, 5% and 10%, respectively).
For TA trials (Fig. 4) , an additional chi-square was run. However, there was no significant difference between the neutral and the nosewitness conditions (χ 2 (1) = .14; p = .71; Cramér's f = .06 (Fig. 4) . Although the positive effect of emotional videos on nosewitness performance runs counter to what is typically observed in eyewitness studies, the current results do concur with studies on eyewitness testimony in that stress has a larger effect on TP trials than TA trials [15, 16] .
Confidence of identification. In line with Experiment 1, the results also showed that accuracy of culprit identification was not reliably correlated with participants' confidence in their identification for the nosewitness condition (r pb (38) = .158, p = .330) and the neutral witness condition (r pb (38) = .159, p = .326). These correlations were also insignificant for target-present lineups (r pb (38) = .11, p = .52) and target-absent lineups (r pb (38) = -.01, p = .93). Thus, confidence was not a good predictor of accuracy in BO identification performance.
General Discussion
In two studies, we explored nosewitness identification following violent and emotional videos of crimes. In parallel to what has been shown in eye-and earwitness studies (reviewed in [21] and [13] , respectively), our results suggest that humans are capable of identifying a culprit by way of odor. Interestingly, olfactory lineup identification performance was significantly better following emotional videos compared to neutral ones. Although there is much evidence that emotion can enhance aspects of eyewitness memory for central information to the detriment of peripheral information [24] , a meta-analysis of eyewitness studies shows a decline in lineup face identification performance as a function of the levels of stress [15, 16] . Yet, in the current study emotional processing of body odor at encoding seems to explain the superior performance in the nosewitness condition, compared to the neutral condition.
Odors and faces are inherently different types of stimuli in several ways [25] , and memory for odors may thus be differently influenced by emotion than memory for faces. Although the relation between emotion and olfaction has gained considerable interest, the current study is the first, to our knowledge, indicating that negative emotion during encoding can enhance actual recognition. However, there is much to do in order to complete the picture, such as direct comparative studies of odor and visual stimuli. In the current study, the observations that memory for odors encoded during negative, compared to neutral, emotion enhanced performance may relate to the functional neuroanatomy of olfaction. The odor signal projects directly from the olfactory bulb to emotional parts of the brain, such as the amygdala, and olfactory functioning in general has been shown to be highly dependent on the emotional state [26] . In line with this, heightened emotion during encoding of visual stimuli induced by an ambient odor enhances the effectiveness of the odor as a cue to visual memory [27] . Memories evoked by odors are also perceived as more emotional compared to memories evoked by other sensory modalities [28] . Interestingly, exposure to the body odor of unknown individuals heightens activity in areas of the human brain's threat circuitry-the amygdala and insula-relative to the body odor of familiar persons [29] .
The results in Experiment 2 also indicated a superiority of the lineup identification for target-present trials compared to target-absent trials, which is consistent with the notion that olfactory cognition is especially prone to false alarms. It has been argued that olfactory cognition is set to overestimate stimulation for the purpose of serving as a warning system with safe and liberal decision criteria for detection [30] . In parallel, liberal decision criteria (i.e., high incidence of false alarms) for short-term recognition of common object odors have also been reported [31] .
When the perpetrator and the victim are close to one another, as in crimes of sexual and physical assault, and especially under visually obscure conditions, an olfactory cue may be the prevailing detail for later recognition [32] [33] [34] . In fact, the Cognitive Interview (a method for interviewing eyewitnesses and victims about what they remember from a crime scene) instructions encourage witnesses to remember stimuli from every sensory modality, including odors [35] . In the present study, participants were also made aware of the olfactory stimulation. However, in real life situations, victims will most likely process olfactory information without awareness [36] . Future studies should investigate whether nosewitness performance is maintained in implicit memory tests.
For nosewitness lineup tests to become forensically useful a number of practical problems must be solved, including those concerning the sampling of a suspect's body odor and the choice of foils. However, the experimental model for nosewitness studies presented here paves the way for future studies investigating the interplay between emotion and olfaction and the possible use of the sense of smell in forensic settings. 
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